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ABSTRACT
Econometric estimates and forecasts based on a large number of current wage and price 
inflation models fitted to Australian pre- and post- 1983 Accord data have not been satisfactory 
(see for example Chapman, 1990). The unsatisfactory results may be due to poor proxy 
variables, misspecified models, incorrectly measured data or inappropriate modelling methods. 
This paper focuses on the general methodological issue and provides, for illustration, improved 
estimates and forecasts of a Dicks-Mireaux and Fels-Tran Van Hoa model of wage and price 
inflation in Australia for the period 1949/50 to 1988/89. Based on our new improved methods, 
a net gain in accuracy of up to 97 percent in terms of stochastic simulation MSE and up to 87 
percent in terms of ex post forecasting MSE (Pindyck and Rubinfeld, 1991) is obtained.
1 INTRODUCTION
A number of attempts have been made in recent years to empirically model wage and 
price inflation in Australia either at the real or nominal level. Using the data for the post-Accord 
period of 1983 ending in 1988 however, forecasts of wage inflation derived from these models 
show a substantial (that is, over 15 percent) and growing (in some cases) divergence from the 
actual increases in wages (Chapman, 1990). It is well-known in the estimation and forecasting 
application of this kind of econometric models that their poor performance in terms of either the 
goodness-of-fit or average mean-squared-error (MSE) criterion can be broadly attributed either 
singly or jointly to (a) using poor proxy data for economically plausible variables, (b) using 
incorrectly measured data, (c) omitting important variables, or (d) adopting inappropriate 
modelling methodologies.
While one can argue that all four aspects above are equally important, the paper focuses 
only on the general methodological perspective and has two objectives. First, it points out a 
new modelling approach for general linear or linearrised econometric models that has superior 
MSE properties to all conventional methods currently in use. A special feature of the paper is in 
the area of ex post forecasting (Pindyck and Rubinfeld, 1991) which has not been investigated 
in the new modelling approach. Secondly, using for illustrative purposes an extension of the 
well-known Dicks-Mireaux model of wage-price spiral incorporating importantly the causal 
relationships reported by Fels and Tran Van Hoa (1981) and fitted to Australian data for the 
period 1949/50 to 1988/89, the paper empirically demonstrates in a stochastic simulation study 
the improved accuracy in ex post forecasting of up to 87 percent of our new approach over the 
conventional methods of ordinary least squares (OLS) or maximum likelihood (ML). The 
implications of our study are that the use of an appropriate modelling approach can be important 
in applied wage and price studies and that the success ( or failure) of existing econometric 
models in explaining and predicting wage and price inflation could be improved (or minimised) 
in practical policy analysis in Australia.
II
2 A MODEL OF WAGE AND PRICE INFLATION
Consider a well-known two-equation wage-price spiral model within the theoretical 
framework proposed by Dicks-Mireaux (1961, see also Mayes, 1981) and satisfying the 
causality findings reported by Fels and Tran Van Hoa (1981)
Pt = ai + a2 Pt-i + (X3Wt.j + 04Dt-k + asUt-i + (X6Yt-m + un (1)
Wt = Bi + B2Wt-0 + 63Pt-q + ^Dt-r + ^Ut-s + BfrAt-v + ^Yt-z + U2t (2)
where P = rate of change in the consumer price index (all goods), W = rate of change in 
male average weekly earnings, D = working days lost due to industrial disputes per 1000 
workers, Y = rate of change in GDP per worker, U = unemployment rate, and A = rate of 
change in male minimum award rates. The a 's  and B's denote the structural paramenters, the 
u's the error terms, and the subscripts i, j, k, 1, m, o, q, r, s, v, and z indicate that P, W, D, U 
and Y in (1) and W, P, D, U, A and Y in (2) may contain flexible dynamic topology.
The model (1) - (2) is a classic macroeconomic model of wage-price spiral inflation and 
includes the Granger causality results found earlier by Fels and Tran Van Hoa in their empirical 
study on wages prices in Australia (1981). The model may not be a complete model of wage 
and price inflation, it however has important demand-pull, cost-push and institutional features 
and is useful in our study to illustrate the basic concepts of our modelling approach. In the 
model, only P and W are endogenous.
For empirical implementation, a preferred version of the theoretical model (1) - (2) 
based on 40 observations ( 1949/50 to 1988/89) has been derived for Australia. In the 
derivation of this model, we initially specified, in addition to the jointly dependent 
observations, a dynamic structure of two annual lags for each of the variables. The final model 
is empirically preferred in the sense that, for our theoretical constraints and the available data 
used, it is economically plausible, econometrically satisfactory according to standard summary 




Pt = a i  + <X2Pt-i + ot3Wt + a 4Dt-i + u u  (3)
Wt = fii + + 6 3^ 1-1 + U2t (4)
It can be verified that both equations are identified according to the order condition for 
identifiability. As a result, P and W can be written in the reduced form as
Pt = ai + a2Pt-i + a3At + a4Dt-i + e it (5)
Wt = bi + b2Pt-i + b3At + b4Dt-i + e2t (6 )
where e's are the reduced form disturbances.
Equations (5) - (6 ) are the dynamic equations for price and wage inflation as empirically 
derived for the model (3) - (4) based on Australian data 1949/50 to 1988/89. These equations 
will be used below for a comparative study of the relative ex post forecasting MSE performance 
of our new modelling approach and the well-known conventional and nonconventional 
forecasting procedures.
3 ALTERNATIVE MODELLING APPROACHES
Equation (5) or (6 ) can be written more generally with a sampling size T and k 
independent variables as
y = Z fi + u (7)
(Txl) (Txk) (kxl) (Txl) 
where y = W, Z = the exogenous and predetermined variables, B = the parameters, and u 
the disturbance satisfying all standard statistical assumptions.
To estimate the general linear model (7) for forecasting, we can use the OLS or ML, any 
of the explicit (Baranchik, 1973) Stein or Stein-rule estimators (Judge et al 1985), or the 
improved Stein (also known as the two-stage hierarchial-information 2SHI) estimators (Tran 
Van Hoa, 1985, Tran Van Hoa and Chaturvedi, 1990). Extensions of the Stein, Stein-rule and 
2SHI estimators include their positive parameter counterparts (see Anderson, 1984, and Tran 
Van Hoa, 1986), which essentially introduce an additional restriction that these estimators
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adjustment factors to be strictly in the range (0,1). Heuristically, when this extraneous (prior) 
information is used equally for all estimators in our model (7), the relative performance as 
derived for the original estimators using no extraneous information should be unchanged. 
Some of our current research work is in an analytical proof of this speculation.
While all the estimators in their original or positive parameter versions above can be 
applied to the general linear model (7) for forecasting analysis, their performance in terms of 
historical simulation and ex post (Pindyck and Rubinfeld, 1991) forecasting MSE can differ. 
The extent of the significance of the difference in relative MSEs, or equivalently, the importance 
of the dominance or informational gain between these alternative estimators for wage-price 
inflation models either in Australia or elsewhere has not been investigated in an empirical 
context. This issue is taken up below and the substantive findings are based for illustrative 
purposes on the wage-price model described earlier and the appropriate equations used are 
given in (5) and (6 ).
4 SUBSTANTIAL EVIDENCE ON IMPROVED E X  PO ST  FORECASTING
ACCURACY
In our study, we fit the model (5) - (6 ) to Australian annual data for the period 1949/50 
to 1988/89 and using, for comparison, the OLS, the positive Stein, and the positive 2SHI 
estimators. To investigate the effects of the sampling size on the performance of the various 
estimators (this study is also known as structural change or stability analysis), we split the total 
sample size of 40 observations above into 3 overlapping subsamples of 25, 32 and 40 
observations respectively. The division is used to approximate the distinct observed cycles of 
wage and price inflation in Australia for the period under study. The peaks of these cycles 
occurred approximately in 1973/74, 1980/81 and 1988/89. For the 3 subsamples, the actual 
observations used for estimation and for historical simulation are 20, 29, and 37 respectively. 
Thus, the ex post forecasting samples are 5 years for Subsample 1, and 3 years for Subsamples 
2 and 3.
For each of these subsamples, the MSE of Equations (5) and (6 ) is computed from a 
stochastic simulation and is based on 500 statistical trials. The distributions used to generate 
these parameter and disturbance trial-to-trial variations are derived from their OLS-based sample
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distributions which are also based on 500 repetitions. In addition, in the case of the disturbance 
or error term distribution, the simulation for each subsample takes respectively the value of s2, 
25 s2, and 100s2, where s2 is the sample disturbance variance. This strategy is adopted to 
investigate the impact of disturbance variances (or the measurement errors) on the relative 
performance of the various modelling methodologies in our wage and price equations.
Thus, in our empirical study, the MSE is obtained for a total of 18 models of wage- 
price inflation. These models differ from each other in terms of T (the sample size) and a 2 (the 
distrubance variance). The relative performance of the OLS, positive Stein (denoted by 6  + s), 
and positive 2SHI (B + h) estimators for each of these models is given in Table 1. Relative 
performance between say the OLS and the positive Stein is defined as R(b/B + s) = 100 [MSE 
(b) /  MSE (B + s) - 1], and dominance or informational gain in MSE of B + s over b exists 
whenever R(b/B + s) > 0, with equality somewhere in the parameter space.
The relative MSE results as well as the mean and RMS percent errors are given in Table 
1. From the results given, it appears as speculated that, since all values of the ex post 
forecasting MSE dominance are greater than zero, the positive Stein estimator B + s uniformly 
dominates the OLS estimator b. The gain in ex post forecasting accuracy of B + s over b from 
the 18 models can be as high as 45 percent for price inflation and 44 percent for wage inflation. 
However, the gain of the positive 2SHI estimator B + h over the OLS estimator b is 87 percent 
for price inflation and 83 percent for wage inflation. One interesting finding from our study 
which has wide implications in the context of statistical estimation theory is that the gain of B + 
h over B + s is also uniform and substantial to the order of 29 percent for price inflation and 26 
percent for wage inflation. In other words, compared to other conventional methods such as 
the OLS or ML that are routinely used in empirical studies, the accuracy in forecasting wage 
and price inflation in Australia using our new modelling approach can be improved by more that 
80 percent.
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Table 1 Forecasting Wage and Price Inflation in Australia 1949/50 to 





0.887 0.560 0.497 0.865 0.513 0.434 0.956 0.670 0.391
S 2 — { S l 2 S 2 2 S 3 2 }
{3.55647 35.5647 355.647}
T = 25 32 40
Period (49/50 to 73/74) (49/50 to 80/81) (49/50 to 88/89)
Sl2 S2 2 S32 s i2 S22  S32 s i2 S22 S32
Relative Historical Simulation MSE Efficiency (%)
R(b/B+s) 6.58 35.81 43.20 6.55 34.58 48.88 0.95 9.75 31.84
R(b/B+h) 13.25 68.43 85.22 13.17 66.74 97.26 1.90 18.17 61.14
R(Bs/Bh) 6.26 24.02 29.34 6 .2 2 23.89 32.49 0.94 7.67 2 2 .2 2
Relative E x Post Forecasting MSE efficiency
Mean Percent Error
OLS 0.24 0.23 0.28 0.23 0.17 0 .2 0 0.15 0.15 0 . 2 0
B+s 0.23 0.17 0 .2 1 0 .2 1 0 . 1 2 0.14 0.15 0.14 0.16
B+h 0.21 0.13 0.15 0 . 2 0 0.08 0.09 0.15 0.13 0.13
RMS Percent Error
OLS 1.32 2.71 6.73 1.27 2 . 8 6 7.97 1.04 1.42 3.37
B+s 1.28 2.38 5.59 1.23 2.50 6.65 1.04 1.37 3.08
B+h 1.24 2.17 4.93 1.19 2.28 5.84 1.03 1.33 2.87
Relative Ex Post Forecasting MSE Accuracy (%)
R(b/B+s) 6.37 29.57 45.00 6.37 30.16 42.80 1.25 6.59 19.13
R(b/B+h) 12.88 55.98 86.59 12.89 56.43 84.28 2.52 12.79 36.64
R(Bs/Bh) 6.12 20.38 28.69 6.13 20.18 29.05 1.25 5.82 14.69
Table 1 Forecasting Wage and Price Inflation in Australia 1949/50 to 






0.931 0.629 0.506 0.929 0.605 0.450 0.989 0.893 0.512
c2 = f c . 2  so2  c i 2 )
{1.12838 11.2838 112.838}
T = 25 32 40
Period (49/50 to 73/74) (49/50 to 80/81) (49/50 to 88/89)
S l2 S22 S32  S i2 S22 S32 S I2  S22  S32
Relative Historical Simulation MSE Efficiency (%)
R(b/B+s) 4.59 32.07 41.54 3.87 28.74 46.02 0.34 3.23 28.09
R(b/B+h) 9.32 59.32 82.15 7.84 54.28 91.69 0.69 6.52 48.64
R(Bs/Bh) 4.53 20.63 28.69 3.82 19.84 31.28 0.34 3.19 16.04
Relative Ex Post Forecasting MSE Efficiency
Mean Percent Error 
OLS 0.15 0.15 0.17 0.14 0.13 0.14 0 .1 2 0 .1 2 0.14
B+s 0.15 0.11 0.11 0.14 0 . 1 0 0.09 0 .1 2 0 . 1 2 0 .1 2
B+h 0.14 0.08 0.07 0.13 0.07 0.05 0 .1 2 0 .1 2 0 . 1 0
RMS Percent Error 
OLS 1.06 1.35 3.03 1.03 1.29 2.79 1 .0 1 1.09 1.78
B+s 1.03 1.19 2.53 1 .0 1 1.15 2.36 1.00 1.08 1.67
B+h 1.00 1 .1 0 2.25 0.99 1.08 2 .1 1 1.00 1.06 1.60
Relative Ex Post Forecasting MSE Accuracy (%)
R(b/B+s) 5.35 29.27 43.97 4.65 24.23 39.66 0.34 2.83 12.44
R(b/B+h) 10.94 49.52 82.50 9.48 42.01 75.38 0 .6 8 5.73 22.38
R(Bs/Bh) 5.30 15.67 26.76 4.62 14.32 25.57 0.34 2.81 8.84
Notes: b = OLS, 6+s = positive Stein, 6+h = positive 2SHI. R(b/6+s) = 100 [MSE (b) /MSE (6+s) -1], where MSE 
(b) = E(b-6) ZZ(b-6) with Z being known future values of Z, and 6 (and s2 the disturbance variance) calculated 
from OLS estimates of Equation (5) or (6) using 500 repetitions (with the error terms only being random) and 
used as population mean. Similarly for 6+s and 6+h. Relative efficiency in ex post forecasting MSE between 
say 6+s and 6+h exists whenever R(6s/6h) > 0. In our stochastic simulation study, all results are based on 
500 statistical trials and c = (k-2) /  (T-k+2). All data are obtained from Australian Economic Statistics 
Databases, Reserve Bank of Australia, Sydney, 1991.
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